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ABSTRACT 

This report describes an operational Automatic Radiosonde Data 
Processing System developed for w e  with the AN/GMD-2 Rawin Set.  
method of reliably identifying the time-shared temperature, humidity 
and reference frequency information from a modified AN/AMQ-g Radio- 
sonde! is described. 

The 

The drrta proceeelng system, Bendix Friez Model 1146450-2, was 
instal led at the HASA Mississippi Test Operations Site in January, 
1965 ' 
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Title - Figure 

1. Radiosonde Autcimatic Data Processor 

1s. Radiosonae Automatic Data Processor 
(Rear View) 
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BECTION I. nvTFi~IOpQ 

RAUIN Set AN/CMD-l, a U. 8 .  Anny Signal Corps development, has 

been in operational f ie ld  m e  by various meteorological ac t iv i t ies  

since 1950. This equipnent has proved very re l iable  in tracking the 

A,N/W-k  and other 1680 mc radiosondes which u t i l i ze  preesure trene- 

ducers for  a l t i tude determlnatlon 

More recently, the AN/oEID-2 version added the slant range 

measuring cspability when using traneponder rcidlosanaes of the 

AN/AMQ-9 type. 

transducers and provides an accurate means f o r  direct  a l t i tude 

camputation 0 

I;his system obviates the requirement fo r  pressure 

The Control Recorder units of both the AN/GMD-l and the Am/GMD-2 

R A W I I V  Sets provide for manual remote control of the tracking antenna 

and tuning of the 1680 mc receiver as w e l l  as power distribution. 

Also, both Control Recorders w i l l  periodically print  the numerical 

lraluee of the azimuth and elevation angles and elapsed time from 

release. 

slant range and computed alt i tude values shultaneously w i t h  the 

time and tracking angles. 

Radiosonde Recorder t o  trace the temperature, h d d i t y ,  and reference 

signals with a pen on a contlnuous s t r ip  chart. 

In addition, the M/GMD-2 Control Recorder Will print the  

Both RAWIFJ Sets normally employ the AlV/TMQ-5 

The separate tracking and meteorological data records thus 

recorded must be manually transferred froanthe charts point-by-point 

and correlated wlth elapsed time for computation and development of 

1 
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the desired upper air profiles.  

ment for an operator t o  perform t h i s  task, a number of schemes for 

automatic and semi-autma%ic processing of radiosonde data have been 

devised with varylng degrees of succeBs. 

In an ef for t  t o  eliminate the require- 

The system described herein was supplied by the Bendix Friez 

Instrument Division for  the National Aeronautic6 and Space Adminis- 

t ra t ion ' s  Atmospheric Sounding Station at  the Mississippi Test 

Operations Si t e  at Bay Saint L o u i ~ ,  Mississippi. The complete 

system wae designed and constructed within a s i x  month period and 

was delivered t o  MIY) for instal la t ion in January, 1965. 
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SECTION 11. DEBCRIPTION OF SYSTEM 

A.  RATA PROCESSOR 

A view of Bendix F r i e z  Model 1146450-2 Radiosonde Automatic 

Data Processor i s  shown i n  Figure 1. A l l  ADP component chassis are 

constructed for  Installation i n  standard 19 inch relay racks. 

t o t a l  mounting height required is 90 inches. 

design e f for t  a number of functional unite used i n  the system were 

procured as "off-the-shelf" items with only minor modifications 

required In some cases t o  provide system interface. 

units which include the tracking data Digitizer, the Converter-Detector, 

and the Control Deconrmutator were wholly designed and fabricated a t  

Bendix Wiez. 

c i rcu i t s  essential  for automation of the meteorological data trans- 

mitted by the radiosonde. 

an IBM 526 printing summary punch t o  punch cards at 5 or 10 second 

intervale as desired. 

The 

To minimize engineering 

The remaining 

The latter two units contain t h e  logic and control 

The data Processor automatically cammande 

A typical card 1s shown i n  Figure 2. 

B. RADIO SO^ CHANGES 

A special commutator was designed for instal la t ion in the 

transponder sonde6 (AN/AMQ-9) used with t h i s  system. 

shown in Figure 3, differs fromthe one it replaces principally by the  

noaninal 1/2 second reference segments preceding each temperature snd 

humidity segment. 

a change from one censor t o  the next In the radiosonde measuring circuit. 

The new commutator, 

These short reference segments are used t o  identif'y 
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It should also be noted that as 8 consequence of adding the 1/2 second 

Ident i f iers  it was necessary t o  reduce the nominal duration of the 

remaining temperature, humidity, and reference sepen t s  from 4.5 seconds 

t o  3.9 seconds. 

"he slant  r aqe  is measured and punched out in Meters requiring 

a change i n  the rsPlging modulation frequency from 81,940 cycles per 

second t o  74,950 cycles per second. The tuned amplifier i n  the AN/AMQ-9 

radiosonde was retuned t o  the lower frequency after the special commu- 

ta tor  was inetalled.  

C .  RAWIN SET MODIFICATIONS 

The data processor ma designed t o  operate with either of 

two AN/GMD-lB Rawin sets upgraded t o  contain the  ranging measurement 

capability of the AN/CMD-2. 

reworking two pairs of transmitter and comparator t o  measure i n  

Meters and instal l ing them on the  two pedestals. 

and the transmitting antenna were i n s t a l l e d  on the spinner pylon, 

and the pedestal swing l inks were turned t o  the GMD-2 position. 

0 - 1  Control Recorders were modified t o  be canpatible w i t h  the 

converted pedeetals. This required a plus and minus 27 volts direct  

current supply fo r  receiver tuning, a new Receiver Tune switch, and 

erne rewiring. 

of elant range data are handled by the data processor. 

The ranging modification consisted of 

A high pass f i l t e r  

The 

The printout, t he  v i s u a l  indication, snd the monitoring 

4 



SECTION 111. THEORY OF OPERATION 

A. EBC-ION METHOD 

i 

i 
I 
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1. Cammutator Tracking. The chosen approach t o  automatically 

recognizing and keeping in step u t h  the alternations between temperature, 

humidity and reference frequency from an AN/AMQ-g radiosonde was a 

resu l t  of assuming that signal fading cmditions would exist during at 

least part of the radiosonde f l i gh t .  The standard AN/AlQ-9 Radiosonde 

8et tranemitr a repeating pattern of: 

reference 
space 
temper at ure 
space 
humidity 
space 
temperature 
space 

4.5 seconds 
.5 second 

4.5 seconds 
.5 second 

4.5 secona 
.5 second 

4.5 seconds 
.5 second 

The reference frequency i e  190 f 20 pulses per second 

and the temperature and humidity frequencies are always below the 

actual reference frequency by at least  15 pulses per second. Note: 

"Frequency" and 'hulse per aecond" are interchangeable. Recognition 

of the reference frequency is  simply finding the highest frequency 

of the three. Upon detecting the reference frequency a delay of 5, 

10, and 15 seconds will locate the temperature, humidity, and the 

temperature frequency transmission periods, respectively. However, 

i f  a signal dropout occur8 during the reference frequency transmiasion 

a 20 second block of data is l o s t .  A method of knowing when a change 

1s  be- made from one f'requency t o  the next was therefore adopted. 

5 
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F i r s t ,  th i s  identification could not be the normal 0.5 

second space (of zero frequency) between data frequencies elnce a signal 

dropout would produce zero frequency. Second, a c i rcu i t  t o  detect a 

change i n  frequency could not be used since the temperature and humiaity 

NOTE: Each data tranemisslon lietea I n  Table I ie 

separated by approximately a 0 .b-second space. 

6 

frequencies are often equal at some time during the f l i gh t .  This method 

is  further plagued with being affected by atmospheric noise and signal 

bopoute  which would look l ike  a change i n  Frequency. The commutator i n  

the radiosonde was therefore replaced w i t h  a new commutator having 0.65 

second reference ident i f iers  between the different data frequencies. In 

case a signal dropout occurs during a reference ident i f ier ,  an “auxiliary 

advance” circui t  i n  the data processor will advance the decommutator one 

etep. It wlll not command a measurement of data since the previous data 

is probably closer t o  the proper value than a data transmieelon disturbed 

The new commutator pattern is l i s t e d  in  Table I below. 

TRANSMITTED DATA !FMNSKBKtON DMIATION 

Reference (190 ppe ) 
Temperature 
Reference Identifier 
Humidity 
Reference Identifier 
Temperature 
Reference Identifier 
Humidity 
Reference Identifier 
Temperature 

3.9 sec 
3.9 8ec 
0.65 sec 
3.9 6ec 
0.65 sec 
3.9 sec 
0.65 sec 
3.9 sec 
0.65 sec 
3.9 sec 
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2. Recognition of Reference Frequency. The primary d i f f icu l ty  

in recognizing the reference frequency is the spread of 40 pulses per 

second allowed by the specification and the fac t  that zero humidity can 

produce a pulse rate just 15 pulses per second below the actual reference 

frequency. To attempt t o  recognize reference as eny frequency above 

170 pulses per second would erroneouely detect a zero percent humidity 

frequency (175 pps) of a radiosonde haviag a reference mquency of 

190 pulses per second. To eliminate t h i s  diff icul ty  the automatic data 

processor stores and updatee the reference frequency continuously during 

the f l ight .  The reference Frequency can then be automatically detected 

BB that frequency within 10 cycle8 per second of the stored refennce.  

This scheme will be workable f o r  a l l  normal a h i f i s  in the  rsdiosan&e 

blocldng osci l la tor  

Be M@pECROLa+ICAL DATA HANDLING 

1. Method of Measurement. The measurement of the ternparatwe 

end humidity data is ma& in the voltage reelm wlth 0.905 vol ts  c o m e -  

*-.. yvuw aa.... t o  292 cycles per etzmd. A +imicp1 ze%ec?rQlogical a i g r d .  plotted 

w i t h  t h e  as the horizontal ax ia  is ehom in Figure 4. The l inear con- 

version t o  voltage 1s accmpliBhed I n  the Converter-Detector uni t .  Referring 

t o  the block aisgrrrm 3n Figure 5 ,  the output of the frequency t o  DC voltage 

wnverter is connectea t o  the "6igna.l 1068 detector", the h f e r e n c e  

detector", and the A t o  D Converter. The A t o  D Converter is a aigital 

voltmeter-ratiaPneter wfth front panel decimal. dieplay. Thio unit  

m e ~ u r e ~  tho reference freqgenay (mltags) ,  ths tenprature ra t io ,  

7 
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and the humidity ra t io .  The "signa;L loss detector" wil l  actuate i f  the 

frequency falls below 10 cps (0.047 VDC) for more then one ha l f  second. 

The "reference detector" will actuate if the incoming frequency i s  

within 10 cps of the stored reference frequency. 

and storage of meteorological data is linked with the decornutation 

method as described below. 

The measurement 

2. Decommutation Logic The tracking of the radiosonde 

commutator is accomplished by a stepping switch. 

"reference detector" is actuated, the stepping switch is  advanced. 

The s t e p p w  switch "home" position corresponds t o  the reference 

segment of the commutator w i t h  the remaining f ive poeitione corres- 

ponding t o  the temperature and humidity segments. 

therefore keepe i n  eynchronlam with the radiosonde commutator. When the 

"reference detector" I s  actuated longer than 1.5 second (as it is during 

the 3.9 second reference frequency transmission) the stepping switch 

will %hamen unless It is already In the 'home" position. A word 

description of the sequence of events, starting w i t h  the reference 

frequency, w i l l  show the signal flow through the simplified block diagrm 

of Figure 5 .  The reference detector actuates for  3.9 seconds and immediately 

advances the stepping switch t o  "home" from the last temperature position. 

After 1.5 seconds the "home detector" generates a home command which 

W i l l  reestablish synchronism i f  the stepping switch had fal len out of 

step.  Af'ter 2.2 seconds t o t a l  delay 8 measure command l e  sent t o  the 

Each time t h  

The stepping swltch 

A t o  D Converter. The mode command of the A t o  D Converter l e  connected 

0 



through the stepping switch t o  the VOLTS mode. 

frequency) is measured and the decimal output is converted t o  binary coded 

decimal (BCD) and it appears a t  the BCD t o  Analog Converter input. Within 

0.33 seccmd after the A t o  D Converter receives i t s  measure command it 

generates an end of measure coPnnsnd which goes through the "signal loss 

detector", the stepping switch, the "reference quality" c i rcui t ,  and the  

"reference detector". 

t o  store the data appearing a t  i t s  input. 

c i r c u i t  w i l l  inhibi t  storage of the reference frequency i f  it is more 

than 5 cps below the previmsly stored reference. T N s  guards against 

storing the reference frequency during even a s l ight  signal dropout. 

The DC input (reference 

The cammand then causes the  BCD t o  Analog converter 

The "reference quality" 

Referring t o  Figure 4, it will be noted that there is no 

reference ident i f ier  preceding or following the reference data trans- 

mission. 

pasition after 3.2 seconds t o t a l  delay (by means of a c i rcu i t  not 

shown on the simplified block diegram) A t  2.2 seconds later than 

the advance of the stepping switch, a measure command is sent t o  the 

A t o  D Converter t o  measure the incoming temperature freqeuncy (voltage). 

Now the A t o  D Converter mode cmmmd is swltched t o  "ratio" t o  measure 

t h e  TIC input as a r a t i o  of the reference voltage from the BCD t o  

analog converter. Within 0.33 eecond after the A t o  D Converter 

receives its measure cammsnd it generates an end of measure cammend 

which goes through the "signal loee detector", and the stepping switch 

The stepping switch advances t o  the f irst  temperature 

9 



t o  the Temperature aadHumidity !l?rsnslator Storage. 

the output of the A t o  D Converter t o  be stored i n  the temperature 

section of the Temperature and Humidity Translator Storage. 

The command causes 

The stepping swltch i s  advanced t o  the next, or humldity 

position when the first reference identifier shown i n  Figure 4 actuates 

the "reference detector". A t  2.2 seconds after the stepping switch I s  

advanced a measure commsnd is sent t o  the A t o  D Converter. This time 

the store command appears on the "store H" l i ne  of the Temperature and 

Humidity Translator Storage un i t .  

time a reference ident i f ier  is received un t i l  the long reference 

frequency i e  received when the entire sequence described above is 

repeated 

The stepping switch is ativanced each 

In case one reference ident i f ier  is not received due t o  

a signal dropout the Control-Decommutator contains an "auxiliary 

advance" c i rcu i t  which w i l l  advance the stepping switch. 

command will be generated since the "reference detector" w i l l  not have 

actuated. Synchronization of the  stepping switch with the radiosonde 

conmnutator i e  maintained and the temperature or hwnidlty data punched 

out on the IBM card i s  the previously etored data. 

No mearrure 

C. TRACKDIGDATAHANDLING 

The azimuth, elevation, and slmt range data from the 

pedestal is in the form of synchro eignals. 

on the Control Decaumutator front p e l  the operator ewitchee t o  the 

By means of a eelector switch 

10 



deslred pedestal and control recorder. 

Junction box connect the Data Processor t o  the synchro signals. 

the Digit izer the synchro signals position d i g i t a l  encoders and front 

panel indicators by means of servo motor diAves. The d ig i t a l  outputs 

are stored in their  respective Translator Storage units an camnend from 

t h e  Timer. Azimuth, e l en t ion ,  and elent range data are stored 

simultaneously t o  be punched out on the card Identified with the proper 

Reed relays within the GMD 

In 

elapsed time. 

Referring t o  Figure 5 ,  a second output 

range translator storage (kit 7) is fed t o  the awl 

from the slant 

ary slan, range 

pr inter .  A t  the card punching intervals chosen by the operator, the 

auxiliary slant range printer recorda the elapsed time and the-slant 

range reading. 

526 printing punch should Jsm or malfunction. 

This record provide8 a elant range record i n  case the 

The model 1146450-2 Radlosonde Automatic Data Processing 

System differe from the model 1146450-1 data processor in tha t  the 

second output from the slant  range t rmela tor  atorage (vnit 7) eliminatee 

t h e  need for the auxtliary slant range storage unit eupplled with the 

model 1146450-1 data processor. 

11 



SECTION IV. RAWIN SET OPWATIolJ 

A *  CONTROL8 AND INDICATaEIs 

The C-577 Control Recorder contains ell the control and 

monitoxdng functions required for the Rawin  Set except for the indi- 

cation of ranging signal strength and e slant range pr int  out. The 

range monitoring meters were therefore mounted on the Control-Decammu- 

ta tor  front pauel and the slant range pr int  out l e  provided by e digital 

printer ( h i t  13 i n  Figure 5). 

Bo IMwlRTAmT ASPECTS OF R A W I N  SET PERF-CE 

The primary difference between operating a Rawin Set as 

a GMD-1 and a GMD-2 is that  fo r  good results i n  the GN-2 mode all p a r t e  

of the Rawin Set must be operating a t  or very near peak performance. 

The GMD-1 mode w i t h  an AH/AtrPT-4 radiosonde requires only the trackixq 

and reception of a 1680 megacycle signal with an amplitude modulated 

meteorological pulse. The GMD-2 mode with an AN/A&Q-9 radiosonde is 

more complex. 

meteorological pulse and a 75 kc sine wave ranging signal. 

i n  the GMD-2 mode a 403 mc signal with 75 kc ranging modulation is 

transmitted t o  the radiosonde. 

The received signal is frequency modulated with the  

31 addition, 

1. Receiver Adjustments. The frequency modulated signal 

fram the radiosonde has a frequency deviation which is nearly equal t o  

the 600 kc minimum discriminator bandwidth. It is therefore imporatnt 

t o  maintain accurate automatic frequency control - more BO than with 

12 
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the AM signal from an AN/AMT-~. The IF strips were aligned a t  mss iss ippi  

t o  ensure proper discriminator alignment. After the receiver is aligned 

with a properly tuned IF s t r i p  Installed, a partied. l o s s  of the incoming 

1680 mc signal will  not cause the receiver tuning to  drift.  The 

ranging and meteorological signals are then smooth and undisturbed during 

2. Antenna Control ,Performance. Tracking accuracy and 

freedom from antenna hunting also improves the a b i l i t y  t o  obtain clean 

meteorological and ranging data. When the  received signal strength 

varies due t o  the swinging of the radiosonde, the antenna should not 

radical ly  change poaition or the meteorological and ranging data w i l l  

be disturbed. Careful phasing and Antenna Control trimming ensure 

posit ive and smooth tracking of the AN/AMQ-g radiosonde. 

In place of the thyratrons i n  the Antenna Control, 

so l id  s t a t e  SCR Switching Unite, Friez part  no. 1142256 are used. 

These units eliminate the need t o  be replacing thyratrons and then 

readjusting the Antenna Control a f te r  Instal l ing new thyratrons, 

greatly lengthened IWBF (mean time between fa i lures )  of the Antenna 

. 

The 

Control Unit Increases the r e l i ab i l i t y  of the  sounding operation 8 8  

demonstrated at  Marshall Space Flight Center. 

C. RAW MTA FALLBACK CAPABILITIES 

Complete data backup is available for: 

1. Checking the accuracy of the  Automatic Data Processor 

punched card output either during a eoundhg or  at  any desired time. 



2.  Manual data handling i n  case of a malfunction a t  a 

c r i t i c a l  time. 

The ADP system is designed t o  give the operator t h e  ab i l i t y  

t o  observe the output i n  printed form on the IEM cards, t o  observe the 

meteorological data on the A t o  D Converter, and t o  observe the azimuth, 

elevation and s lan t  range data. 

the AN/TMQ-5 record t o  ensure that the meteorological data is  being 

processed properly. In the  event that  the  IBM 526 printing summary 

punch would hang up due t o  a damaged card or  some other reason the r a w  

data w i l l  be available from three paper records. 

elevation angles are printed (with time) by the (2-577 Control Recorder. 

The s lan t  range and elapsed time are printed by the Auxiliary Slant Range 

Printer,  and the meteorological data is recorded by the AN/TMQ-5 Meteoro- 

logicel Recorder. 

The printed card can be compared with 

The azimuth and 



BECTION V. TEST PROGRAM 

The ADP system was shipped from Bendix F’riez t o  MTO early 

in  January, 1965 for installation at the NASA atmospheric Sounding 

Station. 

campletion of ten perfect radiosonde f l ights .  

developed during the testing of the model 1146450-1 ADP system at 

MFC in  Huntsville were implemented during the checkout and the 

acceptance f l ights .  

The criteria for acceptance of the system by NASA was the 

The sounding procedures 

15 



SECTION VI. CCNCLUSI~S 

This report has shown that the F’riez Model 1146450-2 Radio- 

sonde Automatic Data Processor, when used with the modified AIV/AMQ-g 

radiosonde, w i l l  reliably process the tracking and meteorological data 

for transfer to  a camputer. 

eegments on the radiosonde ccmxmutator provides a means of decamnutatian 

In the presence of e l g n a l  fading conditions. 

The approcah util izing reference identifier 

16 



Figure 1. RADIOSONDE AUTOMATIC RATA PROCESSOR, MODEL 1146450-2 



Figure la, RADIOSONDE AUTOMATIC DATA PROCESSOR 
(Rear V i e w )  
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Figure 3. RADIOSONDE COl4MUTATOR FOR ADP SYSTEM 
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